Traditional fermented fish with salt-nam-pla, budu, tai-pla, pla-ra, pla-chom, kung-chom, and hoidong-are found in different parts of Thailand (Tanasupawat and Komagata, 1995) . Lactic acid bacteria Tetragenococcus halophilus, Enterococcus faecalis, and Enterococcus hirae, and the catalase positive cocci Staphylococcus carnosus and Staphylococcus piscifermentans were reported to be distributed in these products (Tanasupawat and Daengsubha, 1983; Tanasupawat et al., 1991 Tanasupawat et al., , 1992a . However, lactobacilli reported for the fermented fish are limited. This work deals with the identification of the rodshaped lactic acid bacteria in pla-ra, pla-chom, kungchom, and hoi-dong based on phenotypic and chemotaxonomic characteristics, including fluorometric DNA-DNA hybridization.
agar incubated for 3 days. Hucker-Conn modification (Hucker and Conn, 1923) was used for gram stain. Spore formation was examined in gram-stained specimens. Motility was detected by the appearance of stab cultures in soft agar (Whittenbury, 1963) .
Biochemical and physiological characteristics. Catalase activity was detected on cells grown on MRSH agar with and without 5% heat blood. Nitrate reduction was tested in medium composed of 1.0 g KNO 3 , 3.0 g yeast extract, 5.0 g peptone, 0.2 g beef extract, 5.0 g NaCl, 0.25 g Tween 80, 1.0 g agar, and 1,000 ml distilled water adjusted to pH 6.8, after incubation for 7 days. A hydrolysis of esculin, arginine, and starch and reactions in litmus milk were detected by the methods previously described (Tanasupawat et al., 1992a) . The effects of temperature (15, 42, and 45°C) , different starting pHs (3.5, 4.0, 4.5, 7.5, 8.0, and 8.5) , and different concentrations of NaCl (2.0, 4.0, 6.0, 8.0, 10.0, and 12 .0%) were tested by using MRSH broth. The production of gas from glucose was examined in MRS broth with a Durham tube. Acid formation from carbohydrates was tested by the use of a basal medium of GYPB broth with the omission of glucose. The GYPB medium contained 10.0 g glucose, 5.0 g yeast extract, 5.0 g peptone, 2.0 g beef extract, 2.0 g sodium acetate, 0.25 g Tween 80, 200 mg MgSO 4 · 7H 2 O, 10 mg MnSO 4 · 4H 2 O, 10 mg FeSO 4 · 7H 2 O, 5.0 g NaCl, and 1,000 ml distilled water and was adjusted to pH 6.8. Bromcresol purple was used as an indicator, or the acid produced in 3 ml broth was titrated with 0.1 N NaOH. Vitamin requirements were assayed by the method of Kihara and Snell with a modification (Kihara and Snell, 1960) .
Isomer of lactic acid. All tested strains were cultivated in GYPB broth for 3 days. Lactic acid was extracted from the supernatant of the fermentation broth with ether and was analyzed by HPLC as described by Otsuka et al. (1994) . Peptidoglycan type of cell wall. Diaminopimelic acid in the cell wall was detected by hydrolysis of 3 mg dried cells grown in GYPB broth with 1 ml 6 N HCl at 100°C for 18 h, and the hydrolysate was applied on cellulose TLC plate (Merck no. 5716). The TLC plate was developed with the solvent system of methanolwater-6 N HCl-pyridine (80 : 26 : 4 : 10) (v/v) (Komagata and Suzuki, 1987) . Spots were visualized by spraying with 0.5% ninhydrin solution in n-butanol (Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan), followed by heating at 100°C for a few minutes.
Cellular fatty acid composition. Methyl esters of fatty acids were prepared by using a 5% methanolic hydrochloric acid solution (Kokusan Chemical Works, Ltd., Tokyo, Japan) from dried cells (40 mg), which were cultivated in GYPB broth as described by Ikemoto et al. (1978) . The samples were analyzed by gas-liquid chromatography.
DNA base composition. DNAs were isolated from cells grown in GYPB broth for 18-48 h and purified by the method of Saito and Miura (1963) . For strains with difficulty in isolation of DNA, the medium was supplemented with 0.8-1.5% glycine (Yamada and Komagata, 1970) . The purified DNA was hydrolyzed to nucleotides and nucleosides as described by Tamaoka and Komagata (1984) , and the hydrolysate was applied to reversed phase high-performance liquid chromatography (HPLC).
DNA-DNA hybridization. Photobiotin labeling DNA-DNA homologies were carried out in 2ϫSSC (saline trisodium citrate) and 50% formamide solution at 50°C, 2 h, for the strains in Group I, and at 40°C, 12 h, for the strains in Group II, Group III, and Group IV, as reported previously (Ezaki et al., 1988 (Ezaki et al., , 1989 Tanasupawat et al., 1992a) . Table 3 . General characteristics of strains. 
a Number of tested strains. Numbers in parentheses indicate the number of strains showing positive or negative reaction.
Results

Morphological and cultural characteristics
All the strains were gram-positive. Forty-seven strains were rods, 0.4-0.6ϫ0.8-5.0 mm in size, and they appeared singly, in pairs, or in chains. Five strains were cocci, 0.4-0.5ϫ0.6-0.8 mm in size, and appeared in pairs or in chains. Cells were nonmotile and nonsporing. Colonies on MRSH agar plate were circular, low convex with entire margin, and nonpigmented (Table 3) .
Biochemical and physiological characteristics
All the strains were microaerophilic. The rod-shaped strains were homofermentative, and the cocci were heterofermentative. All showed negative reactions to catalase and nitrate reduction except, the isolates of Group I. All isolates in Group II hydrolyzed arginine and esculin. Not all liquefied litmus milk and hydrolyzed starch, and not all grew at 45°C. The isolates of Group I grew at pH 8.5 and at 15°C, but most isolates of Group II and Group III did not. The isolates of Group III could not grow at pH 8.0. All the isolates grew in 6% NaCl, and most of them in Groups II, III, and IV could grow in 10% NaCl. The final pH of isolates in Groups III and IV were higher than in other groups. Variable reactions were shown in Table 3 . All produced acid from D-glucose, D-fructose, and D-mannose, and variable reactions were shown in Table 4 .
All tested strains required niacin and Ca-pantothenate for growth, as shown in Table 5 .
Isomer of lactic acid
The major products from glucose of the tested isolates were DL-lactic acid, L-lactic acid, and D-lactic acid in Group I, in Groups II and III, and in Group IV, respectively, as shown in Table 3 .
Peptidoglycan type of cell wall
The isolates in Group I contained meso-diaminopimelic acid in the whole cell hydrolysate. All the other isolates had no meso-diaminopimelic acid, as shown in Table 3 .
Cellular fatty acid composition
The tested strains in Groups I and III contained straight chain acids of C18:1 and C16:0 as major components, and the strains in Group II contained C18:1 as a major component. The straight chain acids of C12:0, C14:1, C14:0, C16:1, C18:0, C20:1, and cyclopropane acids of Cy17 and Cy19 were also found, as shown in Table 6 .
DNA base composition
DNA base compositions of tested strains were 45.4 to 47.0, 35.0 to 37.0, 38.6 to 41.5, and 38.0 to 41.2 mol% of guanine plus cytosine (GϩC) content in Group I, Group II, Group III, and Group IV, TANASUPAWAT, OKADA, and KOMAGATA Vol. 44 tively, as shown in Tables 7, 8 , and 9.
DNA-DNA hybridization
The isolates were separated into 4 groups on the basis of DNA relatedness as shown in Tables 7, 8 , and 9. The tested strains of Group I showed high degrees of DNA homology (over 98.9%) Lactic acid bacteria in fermented fish 197 Table 5 . Vitamin requirements of strains tested.
a Number of tested strains: ϩ, required; Ϫ, not required. Group I A: FS100 and FS31-1; B: FS42-1. Group II A: FS5-2, FS7-2, FS9-3, FS24-3, FS47-3, and FS73-1; B: FS103 and FS105. Group III :  FS4-1, FS111, FS49-1, FS53-4, FS55-1, FS56-1, FS60-1 , and FS62-1. Group IV A: FS45-1; B: FS46-2; C: FS61-2. T , but showed a high degree of homology (over 88.7%) with a strain FS45 as shown in Table 9 .
Discussion
On the basis of phenotypic characteristics, isomer of lactic acid, peptidoglycan type of cell wall, cellular 198 TANASUPAWAT, OKADA, and KOMAGATA Vol. 44 Schillinger et al., 1989. glucose and could grow in 12% NaCl. They are different from L. farciminis and the other lactobacilli (Hammes et al., 1992; Kandler and Weiss, 1986) . On the other hand, Group IV strains grew in 10% NaCl, but failed to grow below pH 4.5 and were thus distinguished from the strains in genera Weissella and Oenococcus (Collins et al., 1993; Dicks et al., 1995) . These strains in Group III and Group IV required further studies on the 16S rRNA sequence to reveal their taxonomic positions.
